The purpose of this study was to assess whether older adults can inhibit irrelevant auditory information while performing a span task. In Experiment 1, young and older participants recalled seven visually presented digits while subject to three types of irrelevant noise: white noise (nonverbal), and familiar and nonfamiliar language (verbal). A baseline measure was obtained in silence. The effect of each noise was also assessed under articulatory suppression (AS). In Experiment 2, the number of digits to recall was adjusted to participants' individual span. Results show a clear irrelevant speech effect (ISE), that is, recall declines in the presence of familiar and nonfamiliar verbal noise, but is unaffected by white noise. AS negates ISE. Most important, ISE does not interact with age: older adults have no more difficulty inhibiting irrelevant auditory information than do young adults. These results are discussed relative to current theories of inhibition in aging.
/CURRENT empirically based models suggest that infor--' mation selection involves inhibition mechanisms that actively suppress concurrent distractors (Hasher & Zacks, 1988; Kane, Hasher, Stoltzfus, Zacks, & Connelly, 1994; Navon, , 1989b Neumann, 1987; Tipper, 1985 Tipper, , 1992 . A major function attributed to these inhibitory processes is to prevent irrelevant material from accessing working memory and to deactivate any such material that enters the system, notwithstanding. Recently, it has been proposed that these inhibitory mechanisms may be impaired in nominal aging (Connelly & Hasher, 1993; Hasher, Stoltzfus, Zacks, & Rypma, 1991; Hasher & Zacks, 1988; Kane et al., 1994; McDowd & Filion, 1992) and that various intellectual deficits exhibited by older people may be due to such impairment. These problems include difficulty understanding and remembering both rapidly presented information (Stine, Wingfield, & Poon, 1986) and syntactic structures that make heavy demands on working memory (Kemper, 1988) , long-term retrieval deficits (Gerard, Zacks, Hasher, & Radvansky, 1991) , distractibility in reading (Connelly, Hasher, & Zacks, 1991) and increased off-target verbosity, that is, speech lacking in focus or coherence (Arbuckle & PushkarGold, 1993) .
The inhibition-deficit hypothesis relies largely on studies that have assessed inhibition through negative priming (Neill, 1977; Tipper, 1985) . In this procedure, participants are presented two letters of the alphabet simultaneouslyone, red (the target) and the other, green (the distractor). Their task is to name the red letter as fast as possible. Results show that response time increases when the letter serving as the distractor in one trial (priming) is used as the target in the very next trial (probe). The explanation for this suppression effect is that the distractor is actively inhibited: When this distractor becomes the target in the subsequent trial, its selection is delayed because of residual inhibition. A weakening of this suppression effect has been observed repeatedly in experiments involving older people, providing empirical evidence for an inhibition deficit (Connelly & Hasher, 1993; Hasher etal., 1991; Tipper, 1991) . According to Hasher and Zacks (1988) , this deficit results in irrelevant material occupying working memory and interfering with its contents.
Working memory is involved in the temporary retention and processing of information (Baddeley, 1986; Baddeley & Hitch, 1974) . It relies on the coordinated functioning of various subcomponents. The central executive controls and distributes limited attentional resources to specialized slave systems responsible for maintaining information in particular codes. One of these is the phonological loop, which retains verb information. It includes a phonological store where verbal information is held in a phonological code. The phonological store is time-limited, and a rehearsal procedure is used to prevent material there from decaying. This procedure is also used to transfer written input into the phonological store. Thus, whereas auditory information is believed to have direct access to the phonological store, verbal material presented in the visual modality must be articulated subvocally for it to be retained there. In other words, both auditory and visual verbal input have access to the phonological store, the former directly, and the latter through rehearsal (see Figure 1) .
The relationship between working memory and inhibition has been assessed by means of the irrelevant speech effect (ISE) paradigm, also referred to as the unattended speech effect paradigm (Salame & Baddeley, 1982) . In this procedure, participants must recall immediately short sequences of visually presented digits while trying to ignore irrelevant background noise. According to Hasher and Zacks (1988) , this is a scenario where inhibitory mechanisms should intervene to deny irrelevant information access to working memory. The ISE was first demonstrated by Colle and Welsh (1976) . In their study, English speakers were shown eight consonants; after a 10-sec delay, they were asked to perform a serial recall. An irrelevant text in a nonfamiliar language (German) was presented auditorily during encoding, delay, and recall. Participants were instructed to ignore the text while memorizing consonants. Results showed decreased Figure 1 . The working memory model: Irrelevant speech directly accesses the phonological store. Written digits are transferred only through the rehearsal procedure. Articulatory suppression precludes the use of rehearsal thus preventing digits from being retained in the phonological store.
IRRELEVANT SPEECH EFFECT ON AGING
memory performance associated with the presence of irrelevant speech. Baddeley (1982, 1989) replicated this finding using an immediate-recall procedure with no delay.
Certain evidence reported in studies using young adults suggests that the ISE occurs at the level of the phonological store of working memory (but see Jones, 1993 , for an alternative explanation). First, ISE is unrelated to the acoustic qualities of stimuli, be it intensity (Colle, 1980; Salame & Baddeley, 1987) or amplitude (Salame & Baddeley, 1987 , 1989 . Second, it is unrelated to the semantic content of verbal noise; several authors have shown that familiar and foreign languages disturb recall equally (Colle & Welsh, 1976; Salame & Baddeley, 1982) . Finally, recall is affected by auditory stimuli that include a verbal component, as is the case with speech or songs, but remains intact when the auditory background is nonverbal, as is the case with white noise (Colle & Welsh, 1976; Salame & Baddeley, 1982 , 1987 .
This pattern of results is compatible with the structure of the phonological loop as described above (Baddeley, 1986 (Baddeley, , 1990 ). An auditory verbal background interferes with the retention of visually presented digits because under normal conditions both types of material have access to the phonological store and, therefore, one may impede the other. Denying visual information access to the phonological store should, in theory, preclude appearance of the ISE. This has been demonstrated in young adults (Salame & Baddeley, 1982) through the technique of articulatory suppression (AS). In this procedure, participants are asked to repeat continuously a word segment such as the or bla while presented material in the visual modality. AS occupies the rehearsal procedure and completely prevents the transfer of written input to the phonological store. Thus, occupying that store with irrelevant material has no reason to impair recall, thereby neutralizing the ISE (see Figure 1) .
The main goal of this study was to assess whether the inhibition deficit considered by some to be characteristic of normal aging extends to the ability of older people to suppress auditory distractors when performing a workingmemory task. A major motive for the study was the frequent complaint of older people regarding their increased distractibility in the presence of background noises. In the ISE paradigm, participants are instructed to ignore distracting noises and to focus their attention solely on memorizing digits. This is essential in order to achieve optimal performance on the task. Participants necessarily employ inhibition processes to perform the task, particularly ones involving verbal material to produce maximum phonological interference. Given that the ISE occurs within the phonological store, a phonological deficit or a decrease in the capacity of the phonological store should, in theory, also result in an abnormal ISE. This, however, cannot account for the diminished performance of older people on the task as their phonological storage capacity is entirely normal (Belleville, Peretz, & Malenfant, 1996) .
A secondary purpose of the study was to propose a new way of assessing inhibitory processes with a view to broadening the existing array of inhibition tasks and contributing to test the generability of the age-related inhibition deficit. To this end, the immediate recall of lists of visually presented digits was measured in young and older Frenchspeaking adults subject to verbal and nonverbal background noise. French and Romanian versions of a text (familiar and foreign languages, respectively) were used as verbal distracting material. White noise was used as a nonverbal distractor. These noise conditions were compared against a baseline condition where participants performed in silence. In addition, the effect of AS on ISE was assessed. This variable was included to determine the validity of our experimental paradigm. It was important to demonstrate that the effects were comparable to those previously reported in normal young adults. Furthermore, the use of AS would serve to confirm that the observed ISE actually occurs within the phonological store of working memory.
On the strength of the findings reported in previous studies, we predicted the presence of an ISE, that is, recall should remain unaffected by the presence of nonverbal noise but should decrease in the presence of verbal backgrounds. However, AS should negate this ISE. Although both groups of participants were expected to exhibit an ISE, the effect should be larger in older adults owing to their inhibition impairment. In other words, older adults should be more impaired by speech noises than young adults, given that the situation requires the heavy intervention of inhibitory processes.
Experiment 1

METHODS
Participants
Thirty-two French-speaking adults, 16 young and 16 old, took part in the experiment. The young adults (5 males and 11 females) ranged in age from 18 to 24 years (M = 21.1) and had a mean of 13.7 years of schooling (SD = 2.3). The older adults (7 males and 9 females) ranged in age from 65 to 91 years (M = 76.4) and had a mean of 9.4 years of schooling (SD = 3.36). The difference in formal education between young and older participants was significant, t(l5) = 4.2589, p < .001, but corresponds to the increase in average educational level in Quebec between the two generations concerned (Statistics Canada, 1994) . Participants spoke French as their mother tongue and had no knowledge of Romanian, the language employed in the nonfamiliar speech condition.
Participants were drawn from a pool of volunteers living in the same small community. They had no history of neurological disease, psychiatric disorder, or general anesthesia in the past year. They did not consume medication known to affect memory or other cognitive functions. They all reported normal hearing and had normal or corrected vision.
The older adults were subjected to an extensive battery of neuropsychological tests in order to exclude participants with early signs of dementia (see Table 1 ). These tests included the Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) used to screen for major cognitive defects, the Wechsler Memory Scale (Wechsler, 1945) to estimate memory functions, and a visual discrimination test (Enjalbert, Salinier, & Cheron, 1988) . Construction and ideomotor praxes were evaluated by means of the praxis subtest of the PENO neuropsychological battery (Joanette et al., 1995) . Only one participant performed sub-par on most of these tasks and was consequently dropped. The young participants were not tested as extensively as their elders given that they are not at risk for dementia. Nevertheless, they completed the Logical Memory and the Digit Span subtests of the Wechsler Memory Scale, on which they performed within the normal range.
Materials
Memory task. -Eighty series of 7 digits from 1 to 9 were used. Digits were randomly ordered and could appear only once in each list. They were presented on a Macintosh monitor, in the center of the screen, using a program written with PsychLab (Gum, 1991 Noise and irrelevant speech sources. -Three types of auditory stimuli were created: white noise (nonverbal), familiar verbal noise, and nonfamiliar verbal noise. The white noise consisted of electronically generated FM modulations. The familiar noise was an excerpt from Madame de Steel's novel Corrinne ou Vltalie read in French, the participants' mother tongue. The nonfamiliar noise was the same text read in Romanian.
Romanian was chosen because, although a Romance language like French, it is unfamiliar to French speakers living in Quebec, unlike other more common Latin languages such as Italian and Spanish. Thus, the two verbal noises used were phonologically akin but differed at the lexico-semantical level in that one was comprehensible to participants. A professional translator produced the Romanian version of the original French text. A female reader fluent in both French and Romanian was used for the recordings in order to have a voice with similar acoustic qualities in both versions, thereby ensuring a better comparison of the verbal conditions. The reader was instructed to read both versions in a steady rhythm without long pauses, while maintaining steady prosody and volume. This last control measure was taken in order to avoid possible orienting responses elicited by sudden variations in prosody or tone of voice. Each version lasted approximately 8 minutes.
The auditory stimuli were played on a Sony tape recorder (TMC-5000) and presented binaurally through Sony headphones (MDR-006). Noise intensity was 75 dB on average, as measured by a noise-level meter. Readings were taken twice each by two different examiners over 30-sec periods. A level of 75 dB is well within the range of normal hearing for both young and older adults (Corso, 1977) .
Procedure
Short-term memory (STM) span measure. -STM capacity for visually presented digits was measured using a classic span procedure. Digits were presented one at a time for 750 msec, with a 250-msec interstimulus interval, in the center of a computer monitor screen. Testing began with sequences of 2 digits randomly selected from 1 to 9. The length of the sequences was increased by one digit every four trials. A 2-sec visual warning (Ready) in the center of the screen preceded each sequence. At the end of a sequence, a table containing the digits 1 to 9 was displayed on the screen. The position of the digits in the table was randomized in order to prevent participants from using spatial cues. Participants were required to reproduce the entire sequence in correct order by pointing to each item serially with a finger. The experimenter recorded the responses. Participants were instructed to point to a question mark appearing on the right of the screen whenever they could not remember a digit. Testing ended once participants failed to report correctly at least two of four same-length sequences. STM span was defined as the longest sequence correctly recalled on 50% of the trials.
Experimental testing. -Two sessions of about 30 min were required to complete the experimental testing. The digit recall procedure was the same as the one used in the STM span measure, except that only seven-digit sequences were used. Participants wore headphones in each noise condition, including the silent condition. They were instructed to ignore distracting noises and focus their attention on memorizing digits. Noise began 10 sec before presentation of the first digit in a particular condition and continued until participants finished recalling the last sequence in the condition. Ten sequences were presented in each condition. A 10-min break was given after every two conditions. In the no-AS condition, participants were instructed to proceed in silence throughout the task. In the AS condition, they were asked to repeat continuously the segment bla during presentation and recall of digits. The AS and no-AS conditions were alternated in order to avoid fatigue effects.
The experiment thus assessed recall under four auditory backgrounds: silence, nonverbal noise, familiar verbal noise, and nonfamiliar verbal noise, each with and without AS. The effect of order of presentation of the noise conditions was counterbalanced using a Latin Square design. In the first session, two of the four noise conditions were combined with AS. In the second session, the order of noise conditions was the same for each participant, but AS this time was combined with the other two noise conditions. The order of presentation of the AS and no-AS conditions was alternated across participants and noise conditions.
RESULTS
A 2 x 4 X 2 (Age x Noise x AS) analysis of variance (ANOVA) was used to test our predictions. The dependent variable was the total number of digits recalled in the correct position under each noise condition. In addition, effect size (Cohen, 1988 , in Hintze, 1991 was calculated for main effects and for interactions, and power analyses were performed to ensure that the absence of interaction with age was not due to inadequate sample size.
Before proceeding to the analysis of the noise condition effects, the general STM capacity of older and young participants was compared through their scores on the STM span measure. Results indicated a slightly larger span for young participants (6.5 vs 6.0 digits), but the difference was only marginally significant, t(\5) = 1.651, p = .0597 (onetailed). Figure 2A shows the percentage of digits recalled by young and older participants in the four noise conditions without AS, and Figure 2B gives the percent correct recall with AS. The ANOVA revealed a significant main age effect, F(l,30) = 22.207, MSE = 759.55, p < .001, indicating greater recall accuracy among young participants. The size of this effect was .83. The main noise effect also reached significance, F(3,90) = 12.701, MSE = 38.19, p < .001, which implies that the type of noise has a differential effect on retention. The size of this effect was .41. Finally, there was a main AS effect, F(l,30) = 169.671, MSE = 157.79, p < .001, suggesting that AS diminishes recall. The size of this effect was .87.
These main effects, however, were qualified by significant interactions. As expected, the Noise x AS interaction was significant, .001. As shown in Figure 2A , the white-noise and silence conditions did not differ from one another and yielded a larger recall level than the two verbal conditions. Similarly, the familiar and nonfamiliar verbal noise conditions did not differ from one another. However, there was no noise effect with AS, F < \,MSE = 46.972 (see Figure 2B ). The Age x AS interaction also was significant, F(3,90) = 5.284, MSE = 157.79, p< .05. This may be due to the presence of a floor effect in older participants, which reduced the size of the AS effect: F(l,30) = 57.535, MSE = 157.795, p < .001 for older participants compared with F(l,30) = 117.419, MSE = 151.195, p < .001 for young participants.
Of importance to our hypothesis is the fact that neither the Age x Noise interaction, F < 1, MSE = 45.64, nor the Age x Noise x AS interaction, F < 1, MSE = 45.64, was significant. Furthermore, both interactions yielded very small effect sizes (.107 and .09, respectively). The analysis of the Age x Noise interaction revealed that in order to reach a power level of .80, a sample size of 138 would be needed. For the Age x Noise x AS interaction, a sample size of 198 would be necessary. This is a case, however, where power analyses must be interpreted with utmost circumspection. A closer look at Figure 2A reveals that the interaction that would be reached with this sample size would be in the opposite direction: If anything, the older participants would be less affected by the presence of noise. Consequently, results strongly support the absence of greater recall failure in older adults under conditions where inhibition mechanisms are called into play.
As the difference in years of formal education between young and older participants could influence memory, an analysis of covariance (ANCOVA) was performed with years of schooling as a covariable. Results were the same as in the ANOVA.
DISCUSSION
The results of this first experiment are in line with the literature in showing that verbal noises disturb immediate serial recall but that nonverbal noises do not (Colle & Welsh, 1976; Salame & Baddeley, 1982) . Furthermore, familiar and nonfamiliar speech produce an equivalent interference effect, confirming that the ISE does not depend on the semantic content of the verbal noise.
Results when AS was used show that preventing visually presented material from accessing the phonological store negates the ISE. This is compatible with the suggestion that the ISE stems from interference in the phonological store of working memory. This clear replication of the findings of earlier studies involving young adults indicates that the ISE is a strong and reliable phenomenon and that our evaluation procedure is sound.
The ISE was as large in the older participants as it was in the young. Unlike nonverbal noise, verbal background noise interferes with recall performance, but the effect disappears with AS. Thus, although older adults generally have a lower recall level than do young adults, they show the same ISE pattern. Figure 2A clearly shows that recall levels of older and young participants are strikingly parallel under the different noise conditions. Where our initial hypothesis is concerned, older participants are thus not more impaired in conditions that require them to inhibit irrelevant interfering auditory information.
These results run counter to the existing literature suggesting inhibition deficits in normal aging. One possible explanation for this discrepancy may lie in the presence here of a general group effect: Older participants performed at a significantly lower level than young participants in all conditions, including silence. This is coherent with our observation of a marginally significant span difference in the baseline measure between the two groups. In this regard, sequences of seven digits were generally more demanding on older than on young participants. As discussed by Meudell and Mayes (1982) , this quantitative difference might conceal the presence of a genuine qualitative difference. This may be due to the presence of floor effects in older participants, which curb the effect of verbal noise. On the other hand, it is possible that inhibition is required only when the memory system is operating at high efficiency. Consequently, the inhibition deficit of older participants would fail to manifest itself if their inhibitory mechanisms are not solicited to the same extent as those of young participants.
One strategy to circumvent the sort of problems that quantitative differences create is to assess the effect of the variables of interest in conditions where the group effect is neutralized (Meudell & Mayes, 1982; Salthouse, 1985) . The goal of Experiment 2 was thus to control for quantitative differences by adjusting digit-sequence length to the STM span of each participant. This would ensure that all participants were tested at the maximum limit of their individual STM capacity.
Experiment 2
METHODS
Participants. -Thirty-two other participants (16 young and 16 old) taken from a pool of volunteers living independently in the local community were tested using the same task and materials of Experiment 1. The younger participants (8 males and 8 females) were from 18 to 30 years of age (M = 22.2) and had a mean of 13.5 years of education (SD = 1.6). The older participants (8 males and 8 females) ranged in age from 66 to 76 years (M = 70.9) and had a mean of 11.6 years of formal education (SD = 2.2). The difference in years of schooling was significant between these two groups, t( 15) = 2.29, p = .03.
Participants did not undergo the same extensive neuropsychological testing as did those in Experiment 1, but their general verbal level was evaluated with the Mill Hill Vocabulary Test, a French-language version of the multiple-choice synonym subtest (Gerard, 1983) widely used in research on aging. A perfect score on this test is 44. Mean scores were 34.3 (SD = 4.48) and 36.5 (SD = 5.7) for young and older participants, respectively, well within the normal range. The difference, however, was not significant, t(l5) = -1.07, p = .3013. The same exclusion criteria were applied as in Experiment 1.
Procedure. -STM span was measured as in Experiment 1, except that participants were tested only with digit sequences length-adjusted to their individual STM span. In other words, the number of digits a participant had to recall in each condition corresponded to his or her own span. In addition, AS was not used given that the phonological locus of the effect was well established in Experiment 1. There were thus four experimental conditions (i.e., silence, nonverbal noise, nonfamiliar speech, familiar speech), the order of which was altered according to a Latin Square design.
RESULTS AND DISCUSSION
The STM span scores obtained by young and older participants in preliminary testing were first compared using a ttest. The mean spans were 7.5 (SD = .89) and 6.3 (SD = 1.45) digits for young and older participants, respectively, a difference that reached significance, t(l5) = 2.493, p = .0124 (one-tailed).
The noise effect in each group was assessed through a 2 x 4 (Age x Noise) ANOVA, with percentage of correctly recalled digits as the dependent variable. Effect sizes were measured as in Experiment 1. Figure 3 shows the results obtained by both groups in the four noise conditions. As expected from our equalization procedure, there was no age effect, F < 1, MSE = 693.77; young and older participants showed the same overall performance level. The size of the main age effect was only .03. A sample size of 8,400 would be needed to reach a power level of .80. However, the main noise effect was significant, F(3,90) = 72.71, MSE = 506.62, p < .001, indicating that noise generally impairs recall. The effect size for noise was 1.5. Figure 3 shows that recall clearly declined in the verbalnoise conditions, but not in the white-noise condition. This was confirmed by post-hoc comparisons indicating that, compared with silence, white noise did not decrease digit recall, but both verbal noises did (p < .01). Here again age did not interact with noise, F < 1, MSE = 506.62, revealing that older adults are not more impaired than young ones by the presence of verbal noise. Analysis of the Age x Noise interaction revealed an effect size of .04. In order to reach a power level of .80, a sample size of 1,892 would be needed.
The young participants in Experiment 2 demonstrated a slightly larger STM span than did the young participants in Experiment 1, although the difference between young and old was significant in both experiments. This discrepancy between the two groups of young adults is hard to account for. Though it may have something to do with experimental error, this explanation is improbable, as an ANCOVA with STM span as a covariable yielded the same results as the ANOVA, indicating that span size is not a factor influencing memory performance. Moreover, if span size did enhance performance, we would expect older participants to show lower recall in Experiment 2 compared with young participants. This is clearly not the case, however, as the effects observed are identical in both experiments.
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Noise condition Figure 3 . Percent correct recall in young and older participants when tested at their span level.
In Experiment 2, the effect of irrelevant noise on the STM of older adults was assessed using a paradigm that controlled for quantitative effects. Despite this control, the results replicate the findings of Experiment 1. First, the paradigm yielded no main age effect but revealed a clear ISE in both groups. Second, older adults were not more disrupted than young adults by the presence of irrelevant background noise.
General Discussion
The goal of this study was to assess the effect of normal aging on the inhibition of irrelevant noise in a workingmemory task. Results show that recall in both young and older adults is generally affected when they are subjected to irrelevant speech. More precisely, recall is impaired in the presence of familiar and nonfamiliar verbal noises but remains normal when distractors are nonverbal. This was found in two recall conditions, one where participants had to memorize standard sequences of seven digits (Experiment 1) and another where the length of the lists to recall was adjusted to individual STM span (Experiment 2). In both experiments, aging did not impair inhibitory abilities, as older adults had no more difficulty than young adults inhibiting verbal auditory distractors.
These results contradict those of other studies reporting inhibition deficits in aging (e.g., Connelly et al., 1991; Tipper, 1991) . This discrepancy, however, may be due to either methodological differences or to the existence of different types of inhibitory mechanisms. It is even possible that these two explanations are interrelated.
Where methodological differences are concerned, most studies that have reported inhibition deficits in normal old people used negative priming, not the ISE paradigm. The two procedures differ on a number of important counts. First, negative priming involves only the visual modality, whereas the ISE paradigm involves both the visual and the auditory. Second, the dependent variable in negative priming is response time, whereas in the ISE paradigm it is accuracy of response. Third, negative priming distinguishes interference from inhibition effects; in the ISE paradigm, the two phenomena are tightly knitted and cannot be experimentally dissociated.
Perhaps most important, in negative priming, participants must process both a target and a distractor during the priming half of the trial before providing an appropriate answer in the probe half (Connelly & Hasher, 1993) . In the ISE paradigm, instead, participants are instructed to ignore all irrelevant material. Even if the irrelevant information does access the phonological store, participants do not have to process it to the same extent as they do in negative priming. It is thus possible that older individuals show inhibitory deficits only in situations where the distracting information is processed at a deeper level.
Yet another difference between the two procedures that may have a bearing on outcome relates to the locus of the inhibition that each induces. It is very possible that the two tasks assess completely different aspects of inhibition. The inhibition effect of negative priming has been interpreted as the result of the residual activation of the representation of the distractor (Tipper, 1985) . Therefore, it may reflect inhibition at a lexical level rather than within the phonological store of working memory, as is the case with the ISE paradigm.
Our results are compatible with the existence of different specialized parallel inhibitory subsystems, only some of which are affected by normal aging. In a recent study, Connelly and Hasher (1993) found that, whereas older people do not inhibit the identity of letter distractors, they show normal inhibition of their spatial location. This led them to conclude that different inhibitory mechanisms may be differentially sensitive to normal aging (see also Stine & Wingfield, 1994) . The inhibition of spatial location may be spared although the inhibition of identity is impaired. These authors also proposed that inhibitory mechanisms that deteriorate with age are ones that act on irrelevant "semanticmeaning-bearing" information. Our results may be interpreted along the same lines. Indeed, as was discussed earlier, there is ample evidence to suggest that the inhibitory processes required when performing the ISE task do not operate at a lexico-semantic level, but rather at a phonological one. Consequently, our results remain compatible with the hypothesis that lexico-semantic inhibition is impaired in normal aging. Furthermore, the results reported here suggest that phonological inhibition is preserved in older people. Inhibition of spatial location thus may not be the only inhibition subsystem resistant to the effect of age.
The dissociation of apparently different forms of inhibition in normal aging is likely to have important theoretical consequences both for conceptual models of inhibition and for our understanding of age-related impairment. With respect to current theories, these results suggest that inhibition is not a monolithic entity but can be separated into distinct subsystems. At present, it seems that these systems may be specialized according to the particular nature of the processing that comes into play, for example, spatial, phonological, or lexico-semantic. With respect to how normal aging is characterized, our results, along with those of others, challenge the notion of a general age-related deficit of inhibition, given that important aspects of inhibition are spared in aging. However, it remains to be explained why certain systems are impaired and others are not. One possibility is that impairment within a particular domain of inhibition (e.g., spatial inhibition), relates to an underlying deficit of the whole processing system. This, however, is probably not the case. It is a well documented fact that older people show difficulties in visuo-spatial tasks (see Salthouse, 1992, for review) , and yet they exhibit normal spatial inhibition.
Theories of inhibition are thus likely to benefit from studies aimed at establishing the limits of the inhibition deficits manifested by older people and accommodating these within a coherent theoretical framework. This would strengthen our grasp of the inhibition phenomenon which, useful and captivating as it may be, stands to benefit from being more formally defined. A better definition of the conditions under which older adults do or do not show inhibition is likely to broaden our understanding of the cognitive aspects of normal aging.
